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METHOD AND DEVICE FOR 
DETERMINING TORQUE IN AN 

AUTOMOTIVE POWER WINDOW SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to a method and device for deter 
mining torque in an automotive power window System for 
use in detecting an object caught between a window and its 
respective frame. 
Many of the automotive vehicles today have electroni 

cally controlled windows and may even have electronically 
controlled Sun/moon roofs. These Systems provide the 
operator with ease in opening and closing the windows. 
However, if the operator is distracted while closing the 
window, it is possible for an object, Such as an am, hand or 
finger, to be caught between the window and the header, or 
Seal, of the automotive window. 

Techniques exist today to measure torque of a motor 
asSociated with a power window System. By monitoring 
motor torque, a prediction can be made that an obstruction 
is in the way of the vehicle window. However, these tech 
niques are typically costly due to the added components 
necessary to detect the torque. Furthermore, the torque 
Sensing components typically come into contact with the 
motor resulting in a reliability concern. Thus, there exists a 
need for a reliable, yet inexpensive method and device for 
detecting torque applied to a motor of an automotive power 
window System. 

SUMMARY OF THE INVENTION 

A torque applied to a motor of an automotive power 
window System is detected by Securing a ring magnet to a 
rotor shaft of the motor for generating a magnetic field in 
response to the rotation of the rotor shaft. The rotor, as well 
as the rotor Shaft, moves linearly along an axial length of the 
rotor Shaft in response to an applied torque. The Strength of 
the magnetic field is sensed by a Hall Effect sensor based on 
the linear position of the rotor Shaft. A control circuit 
receives a voltage Signal from the Sensor and detects the 
torque based on the Strength of the magnetic field. The 
control circuit then controls the motor to either Stop or 
reverse its direction. 

In a preferred embodiment, a direction of the torque is 
determined based on the Strength of the magnetic field and 
the linear position of the rotor shaft. This is accomplished by 
positioning the ring magnet at an end of the Sensor rather 
than at a middle position during a steady-state mode. Thus, 
the Strength of the magnetic field varies asymmetrical with 
respect to the direction of displacement with respect the 
Steady State position. 

These and other features of the present invention can be 
understood from the following Specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic block diagram of a power window 
System incorporating the torque-Sensing device of the 
present invention; 

FIG. 2 is a Schematic block diagram illustrating the 
torque-Sensing device of the present invention; and 

FIG. 3 is a graph illustrating how the strength of the 
magnetic field generated by the device of the present inven 
tion varies with displacement. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 shows a power window system 10 incorporating 
the present invention. An automotive vehicle has a door 12 
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2 
and a window frame 14 defining a window opening 16. 
While a side window is shown, the term “window” as used 
in this application also extends to rear windows, moon roofs, 
Sun roofs or other vehicle closure components. 
The door 12 is equipped with a window glass 18 movable 

elevationally within the window opening 16 and a drive 
motor 20 linked with a regulator 22, shown Schematically, 
for driving the window glass 18 upward and downward. 
Microprocessor, or control circuit, 24 controls the drive 
motor 20 via motor drive circuit 26 in response to signals 
from Switch 28 that commands upward/downward move 
ment of the window glass 18. 

Turning now to FIG. 2, there is shown a schematic block 
diagram of the motor 20 incorporating the torque-Sensing 
device of the present invention. The motor 20 includes a 
rotor 30 that rotates about an axial rotor shaft 32. Rotor 30 
is also mounted So that it can move back and forth along the 
axial length of the rotor shaft 32. Furthermore, motor 
includes commutator 34 and brushes 36. 

Mounted onto or incorporated into rotor shaft 32 is a 
worm gear 38 having a gear wheel 40 associated therewith 
Output member 42 extends outward perpendicularly from 
gear wheel 40 and is attached to regulator 22. Thus, as rotor 
30 and rotor shaft 32 rotate, worm gear 38 rotates causing 
gear wheel 40 to correspondingly rotate. And as gear wheel 
40 rotates, the output member 42 rotates causing the regu 
lator 22 to move upward and downward thereby closing and 
opening the window 18, respectively. 

If there is any torque on the gear wheel 40, due to either 
the window 18 being pulled up or pushed down, a reaction 
force F is produced directed along the axis of the rotor Shaft 
32. The axial movement of the rotor shaft 32 is constrained 
by bearings 43 and spring plates 44 flexibly mounted to a 
housing (not shown) of the motor 20. The spring plates 44 
deflect as the force is applied. Since the amount of 
movement, Z, is a function of this force, this movement is 
detected utilizing a ring magnet 46 and an analog Hall Effect 
device 48 electrically coupled and mounted on a printed 
circuit board, PCB, 50. The PCB 50 is also mounted to the 
inside of the motor housing. 
The ring magnet 46 encircles the rotor Shaft 32, as shown 

in FIG. 2. As the rotor 30 moves along the axial length of the 
rotor Shaft 32, the Strength of the magnetic field, B, gener 
ated by the ring magnet 46 varies with the amount of 
displacement, Z. Since the output voltage of the Hall Effect 
device 48 varies as a function of magnetic field, B, and 
displacement, Z, varies as a function of torque, then the 
output of the Hall Effect device 48 varies as a function of the 
torque applied to the motor 20. This output is sensed by 
control circuit 24 via a connection between the control 
circuit 24 and the PCB 50. The control circuit 24 compares 
the voltage signal provided by the Hall Effect device 48 with 
a predetermined value determined to be reflective of an 
obstruction. If the predetermined value is exceeded, the 
control circuit 24 commands the motor 20 to either stop or 
reverse direction. 

In a preferred embodiment, the placement of the ring 
magnet 46 is positioned on the rotor shaft 32 so that its 
movement along the axial length of the rotor shaft 32 is 
constrained with respect to the Hall Effect device 48 so that 
the direction of the torque can be determined That is, rather 
than have the ring magnet 46 positioned at the center of the 
Hall Effect device 48 at a steady-state or a zero-torque 
Situation, the ring magnet 46 is positioned off-center from 
the Hall Effect device 48 at an end of the sensor. Thus, the 
direction of the torque can be determined based on the 
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strength of the magnetic field, B, as shown in FIG. 3. An 
increasing magnetic field indicates a force in the left direc 
tion which corresponds to the window 18 being pushed 
down. On the other hand, a decreasing magnetic field 
indicates a force in the right direction corresponding to the 
window 18 being pulled up. 

The device of the present invention, thus, provides a 
contactleSS method of measure motor torque. Furthermore, 
Since electronic circuitry already exists in the motor 
housing, the cost of adding a magnet and modifying the 
plates into Spring plates is incremental. 

Preferred embodiments have been disclosed. However, a 
worker in this art would recognize that modifications would 
come within the scope of this invention. Thus, the following 
claims should be Studied to determine the Scope and content 
of this invention. 
What is claimed is: 
1. A method for detecting torque applied to a motor of an 

automotive power window System, the motor having a rotor 
mounted on a rotor Shaft, the rotor and rotor shaft being 
allowed to move linearly along an axial length of the rotor 
shaft in response to an applied torque, the method compris 
ing: 

generating a magnetic field in response to a rotation of the 
rotor shaft; 

Sensing a strength of the magnetic field based on the linear 
position of the rotor Shaft, and 

detecting a torque applied to the motor based on the 
Strength of the magnetic field. 

2. The method as recited in claim 1 wherein Sensing the 
Strength of the magnetic field further comprises generating 
a Voltage Signal proportional to the Strength of the magnetic 
field. 

3. The method as recited in claim 1 further comprising 
controlling the motor in response to detecting the torque. 

4. The method as recited in claim 3 wherein controlling 
the motor includes Stopping the motor. 

5. The method as recited in claim 3 wherein controlling 
the motor includes reversing the motor. 
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6. The method as recited in claim 1 wherein detecting the 

torque further includes determining a direction of the torque 
based on the Strength of the magnetic field and the linear 
position of the rotor shaft. 

7. A device for driving an automotive power window 
System comprising: 

a motor having a rotor mounted on a rotor Shaft, the rotor 
and rotor Shaft being allowed to move linearly along an 
axial length of the rotor shaft in response to an applied 
torque, 

a ring magnet mounted on the rotor Shaft for generating a 
magnetic field as the rotor Shaft rotates, 

a Sensor in communication with the ring magnet for 
Sensing a strength of the magnetic field based on a 
linear position of the ring magnet in relation to the 
Sensor and generating a Voltage Signal proportional 
thereto, and 

a control circuit for receiving the Voltage Signal and 
detecting a torque applied to the motor in response 
thereto. 

8. The device as recited in claim 7 wherein the control 
circuit is further operative to control the motor in response 
to detecting the torque. 

9. The device as recited in claim 8 wherein the control 
circuit, in controlling the motor, is further operative to Stop 
the motor. 

10. The device as recited in claim 8 wherein the control 
circuit, in controlling the motor, is further operative to 
reverse the motor. 

11. The device as recited in claim 7 wherein the control 
circuit is further operative to determine a direction of the 
torque based on the Strength of the magnetic field and the 
linear position of the rotor shaft. 

12. The device as recited in claim 11 wherein in a 
Steady-state mode, the ring magnet is positioned at an end of 
the Sensor rather than at a middle position of the Sensor. 

13. The device as recited in claim 7 wherein the sensor is 
a Hall Effect sensor. 


